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Following  is  one  translation  of  an  article  by 
...  ..bees  ..uarskuya,  F.  G.  hiftakhutuinova,  and 
V.  D.  Fedorov,  Biological  Institute  of  the  Kazan 
w>t-te  university  imeni  V.  1.  ulyanova -Lenina, 
published  in  tne  kussian-language  periodical 
Biofizika  (Biophysics)  Vol  XIII,  no  4,  1968,  pages 
SGG--006.  It  was  submitted  on  2  Feb  1967.  / 


The  question  of  tne  state  of  water  in  living  tissues  Is  one 
of  the  fundamental  problems  of  biology.  Dependent  on  what  state  the 
water  ir.  tissues  is  founa  in  are  th  approacnes  to  tne  solution  of 
many  important  problems  of  physiology,  such  as  the  transport  of 
substances  in  the  cell,  transmission  of  energy,  problems  of  permea¬ 
bility,  etc. 

There  are  two  basic  concepts  about  the  state  of  water  in  tissues, 
.recording  to  one  first  concept  the  main  part  of  water  within  the  cell 
is  assumed  "free"  ana  in  essence  in  the  same  state  within  and  out¬ 
side  of  the  cell.,  and  only  a  small  part  of  the  Intracellular  water 
is  "bound"  due  to  hydration  and  differs  in  its  properties  from  ord¬ 
inary  water,  according  to  the  second  concept  water,  ions,  and 
biopolymers  within  the  cell  form  a  highly  regulated  unique  system* 

This  system  has  the  properties  of  a  lattice  in  which  the  water 
component  fundamentally  differs  in  structure  and  properties  from 
ordinary  liquid  water. 

The  present  work  is  devoted  to  a  direct  experimental  study  of 
the  state  of  water  in  living  plant  and  animal  tissues  by  the  method 
of  nuclear  magnetic  resonance  (spin  echo). 

Yu ;,3  -  XXR,  nuclear  magnetic  resonance. 

materials  and  methods 

a  study  was  made  of  the  time  of  spin-spin  relaxation  (T0),  spin- 
lattice  relaxation  (T,),  and  coefficient  of  self-diffusion  (D*)  of 
water  in  solutions  ana  gels  of  proteins  and  in  living  plant  and 
animal  tissues.  Investigations  were  made  of  bovine  serum  albumin 
(Lawson  Firm,  London),  egg  albumin  (obtained  by  threefold  reprecip- 
itation  of  ammonium  sulfate),  the  liver  and  gastrocnemius  muscle 
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plant  tissues  tne  influence  of  proton  exchange  on  s^.m-s^in  relax¬ 
ation  was  eliminated  by  tne  metuod  of  «*ilerhuna  and  Uutovsky  FZ7 * 
The  time  of  spin-lattice  relaxation  was  measured  either  by  tao 
90—30°  method  of  Hahn  or  v/ith  the  help  of  the  zero-method  of 
Carr-rurcell  /l 7 »  Coefficient  of  self-diffusion  was  measured  by 
the  methou  of  hahn-.<ocssner  /4/  ana  Ohosh  and  oinha  /o7»  accuracy 
of  measurement  was  T-j_jr7p,  ip  +10/<>;  Dl5/>i,  The  temperature  of  the 

specimens  during  measur  ment  was  maintained  with  the  hel^  of  a 
liquid  ultra  thermos  tat  0  —  S  v/ith  an  accuracy  of  £  1°.  The  time 
of  heating  at  a  given  temperature  together  with  the  time  spent  for 
measurement  equaled  40—50  minutes. 


Re: alts  ana  Discussion 


.as  our  investigations  showed,  measurable  coefficients  of  self¬ 
diffusion  of  water  in  various  plant  and  animal  tissues  depend 
strongly  on  the  time  of  observation  (i.e.,  on  the  time  2  Ty  between 
the  first  applied  radio-frequency  pulse  and  the  echo),  which  in  our 
experiments  changed  from  20  to  30  ms.  according  to  woe saner  [o] 
such  a  dependence  is  observed  in  tne  presence  of  barriers  which 
limit  tha  diffusion  of  water,  i.e.,  during  diffusion  which  is  not 
in  an  infinite  reservoir.  In  this  case  the  average  displacement 
of  molecules  in  time  of  observation  2  £  will  be  less  than  in  an  in¬ 
finite  reservoir,  ana  the  measurable  coefficient  of  solf-diffusion 
Dn-  v/ith  a  definite  2<T  will  oe  the  function  of  displacement,  tra¬ 
versed  by  a  molecule  of  water  in  an  infinite  reservoir  curing  time 
2'£  ,  and  tne  function  of  average  distance  to  tne  barriers,  if  one 
were  to  take  tne  time  of  observation  as  lesser  and  lesser  so  that 
the  average  displacement  wnicn  a  molecule  goes  tiirougn  uuring  tne 
time  of  observation  oe comes  much  less  than  the  average  a i stance  to 
the  barriers,  i.e.,  so  that  fewer  ana  fewer  of  the  molecules  experi¬ 
ence  the  influence  of  the  barriers,  then  at  2 't-*0  the  measurable 
coefficient  of  self-diffusion  D*  will  strive  for  the  true  value  of 
the  coefficient  of  self-diffusion  in  a  medium  which  is  inclosed 
between  the  barriers.  Tne  drawing  snows  the  dependence  of  tne 
measurable  coefficient  of  self-diffusion  D-::-  on  the  2  X  for  roots 
of  beans  and  tne  liver  of  a  frog. 

The  distance  betv/een  limiting  barriers,  evaluated  from  our 
experimental  a^tu  for  various  tissues,  turned  out  to  00  on  an  order 
of  tens  of  microns.  Such  limiting  barriers  for  animal  tissues  may 
be  plasmulemma,  and  for  plant  tissues  -  plasms. lemma  and  to  some 
degree  tonoplast.  Consequently  it  can  be  assumed  that  tne  coef¬ 
ficients  of  self-diffusion  of  water  cited  in  Table  1  for  various 
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ir.tivcoiiuiur  water,  s  ince  those  v/erc  coefficients  of  o elf -aif fusion 
vn.icn  w\,rc  measured  at  t.io  sane  2 '£=30  ms,  and  the  influence  of 
limiting  barriers  vus  not  excluded*  besides  tm&,  for  slant  tissues 
t.uey  die.  not  exclude  tne  contribution  of  proton  exchange  in  tne 
coefficient  of  self-diffusion  of  water  /YlJ  which  was  Measured  by 
the  method  of  Ghosh  and  Sinha  /EJ. 
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dependence  of  measurable  coefficient  of  self-diffusion  (D#)  on  the 
Z  I'llO  01  0  bsorvation  [2~)  for  roots  of  beans  (1)  and  for  frog  liver 
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--cy:  (a)  2^,  r. is. 


as  can  be  seen  from  Tsolo  1,  tne  coefficients  of  self-diffusion  of 
vu;or  for  plant  cells  is  some what  nigher  tnan  for  animal,  which  is 
......urontiy  explained  by  tne  development  of  a  vacuole  in  plant  cells, 

tne  Vwlume  of  wr.ich,  according  to  tne  data  from  a  number  of  authors 
/hi — li7,  can  rouen  50 — 50}o  of  tne  internal  volume  of  the  cells. 

Since  tuo  coefficient  of  self-diffusion  D  in  tne  protoplasm 
animal  colls  is  all  told  1.5 — 1,8  times  less  tnan  in  plant  cells, 
is  apparent  tnut  the  coefficient  of  self-diffusion  of  water  in 
tno  protoplasm  of  plant  colls  will  be  on  a  value  of  tne  same  order, 
a:.d  rui:.  means  that  the  coefficients  of  self-diffusion  -?  water  in 
protoplasm  (D^)  and  vacuoles  (D2)  are  sufficiently  close.  Therefore, 

oven  if  there  is  no  averaging  of  the  coefficient  of  self-diffusion 
of  •  ater  for  tno  vacuole  and  protoplasm,  then  the  amplitude  of  tno 
ecno  is  tne  sum  of  the  two  exponents 
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where  u  -  umplituuc  oi‘  ecno;  A,  -  amplitude  of  sign  .1  ut^—G  from 
protoplasm;  -  amplitude  of  signal  at  0  from  vacuole;  y  - 
gyromagnetic  ratio;  0  -  Gradient  of  magnetic  field;  2"C  -  time  of 
observation;  L)^  -  coefficient  of  self-diffusion  of  water  i.i  proto¬ 
plasm;  Dg  -  coefficient  of  self-diffusion  of  water  in  a  vacuole. 

Table  1 


.experimental  and  calculated  values  D,  T-^2*  a,n^  V  solutions 
of  proteins  and  various  living  tissues 


j 

i 

c  ! 

1 

dm* 

n  icierao.  : 

T : .  'dVK 

: 

t&,,<  (d) '>■■■<'  i 

-  io%  ;  »;*'■••  :  •.  i 

j  C  M-  C,  K  i 

no,’..! 

1 

2,4 

2500  i 

1 

2300  i 

j 

,  Jlu'iHufi  a.n>Gy:,:im 

Bij'mU.  CbUiopoTo>;::yfi  a.ib- 

0,1 

2,00 

000  J 

1 

1150  | 

1 

—  ! 

0,07 

“  <jV  Mi'.il,  poCTfckip 

S;j>iiiii  cunopoTO'iHbiii  a.ib- 

20,0 

1,0® 

130  ■ 

i 

3j0  j 

I 

__  i 

i 

0 ,005 

.  GV'.uiii,  rc.ib 

20,0 

1,00 

•10 

440  ! 

0,21 

hitCTbK  KViiypyau 

UiiTo.i.i.ia.xia  —  WKyo.ir.p- 

10,5 

I 

2,0 

'Jo 

I 

250 

1,82—1,00 

j  0,32 

1 

MUM  COtt  M3  .litCT^CQ 

1 

Kyxvpv^u 

7,8 

2,1 

• — 

— 

— 

•  .tiiCT^K  diGoa 

0,3 

1 ,81 

no 

300 

1 ,50—1 ,20 

!  0,32 

i  Kopmt  KyKVpvau 

0,1 

1 .70 

133 

8S5 

1.40 — 1,12 

0,12 

i.ilKpoiiowiian  \:uwua  .isry- 

47 

65S 

0,14 

LUKil 

10,5 

1 , 50 

1 , 50 

,  riciem.  .i>i»  ya.-K;t 

22,1 

i 

1,02 

40 

270 

1,02 

0,20 

J 

k> 


Concentration  of  dry  3ubst£  .ce,  >®  by  weight. 

Amount  of "hydrato *  water  in  1  g  of  Ho0  per  1  g  of  dry  substance. 

Key:  (a)  D  •  10°  in  a  cell,  cnrw/s+lL,;;  (b)  Tp.  .ns +10;®;  (c)  ?]_ , 

ms  iT  10;®;  (d)  D  •  10s  in  protoplasm,  cm^/s ;  (a)  «ater;  (f)  Lgg 
albumin;  (g)  bovine  serum  albumin,  solution;  (h)  oovino  serum  al¬ 
bumin,  gel;  (i)  Maize  leaves;  ( j )  Cytoplasm  and  (-f )  vacular  sap 
from  maize  leaves;  (k)  Leaves  of  boons;  (1)  Roots  of  maize; 

(m)  Gastrocnemius  musclo  of  frr^;  (n)  Liver  of  frog 


Thanks  to  tne  fact  tnat  v-lues  D-^  and  bo  are  close,  all  the  same 
tr.a  average  coefficient  of  self -diffusion  of  water  will  bo  measured 
/Ib7»  Since  the  value  of  coefficient  of  self -diffusion  of  water 
of  tne  cytoplasm  and  vacular  sap  from  the  cells  of  maize  leaves  (v/hore 
averaging  of  tne  coefficient  of  self-diffusion  takes  place  deliber¬ 
ately)  is  very  close  based  on  the  value  of  the  coefficient  of  self¬ 
diffusion  in  intaot  cells  of  maize  leaves  (Ta_bli  1),  one  can  consider 
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t nut  sue  mensurable  coefficient  of  self-diffusion  is  tno 
weight  coefficient  of  self -diffusion  of  protoplasm  usd  v< 
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sion  of  water  in  vacuoles  at  25°  is  u-ual 
,  to  sue  coefficient  of  self-diffusion  of 
tnc  volume  of  a  vacuole  comprises  bC — bO^  of  tne 


internal  volume  of  cells,  calculations  were  made  of  the  coefficients 
of  self-diffusion  of  water  in  the  protoplasm  of  plant  cells*  ihose 
arc  .,rosented  in  Taole  1.  it  turned  out  tnat  the  coefficients  of 
self-diffusion  of  water  in  the  protoplasm  of  botn  animal  ana  plant 
cells  are  only  1.3 — 2.4  times  lower  than  in  pure  water  and  are  com¬ 
parable  witn  tne  coefficients  of  self-diffusion  of  water  in  solutions 
and  gels  of  proteins.  Thus,  for  a  19/o  solution  of  egg  albumin  tne 
coefficient  of  self -diffusion  of  water  is  1.5  times  lower  than  in 
pure  water. 


shat  are  the  possible  causes  of  a  lowering  of  tne  coefficient 
of  self-diffusion  of  water  in  solutions  and  gels  of  proteins  and  in 
protoplasm? 

according  to  eang  /I67*  in  solutions  of  protein  tne  self-diffu¬ 
sion  of  water  is  less  than- in  pure  water  for  two  reasons. 

1.  frotein  molecules  nave  a  by  far  greater  volume  and  by  far 
less  self-diffusion  tnan  molecules  of  water.  These  largo  ana  almost 
i.. mobile  protein  molecule-microoarriers  prevent  the  movement  of  a 
molecule  of  water,  i.e.,  molecules  of  water  in  the  vicinity  of  pro¬ 
tein  molecules  should  difi'use  along  a  longer  path  in  order  to  appear 
on  cne  osne1'  side  of  a  molecule  of  protein.  Therefore  the  coefficient 
of  self-dix. asion  of  water  in  solutions  of  protein  will  be  less  than 
in  pure  vmtar. 

2.  Tne  second  c.,use,  uecreasing  the  coefficient  of  self-diffu¬ 
sion  of  water  in  protein  soiutxons,  is  the  hydration  of  proteins. 

-us  since  nydration,  according  to  Samoylov  jjSjJ ,  can  be  uotn  positive 
ur.d  negative,  i.e.,  the  structure  of  water  in  the  immediate  vicinity 
of  protein  molecules  cun  oe  strengthened  and  broken  down,  then  uue 
so  hycration  snare  is  al3o  tne  possibility  of  a  lessening  of  tne 
coefficient  of  self-diffusion  of  water  depending  on  which  nydration 
predominates . 

according  to  hang  /I67,  tne  coefficient  of  self-diffusion  of 
water  in  solutions  of  macromolecules  equals 

d  .d„c— 

\  a  . 


1/Q  -  coefficient  of  self-diffusion  of  pure  water;  CL  -  dimensionless 
numerical  coefficient,  changing  from  1.5  to  3  depending  on  the  form 
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of  tno  protein  :.;o!ecule ;  C?  -  total  volumetric  part,  occupied  by  one 
hydruped  protoin  molecule ;  C;1  -  concentration  of  n/ur-tc  w-tor; 

C0  -  total  concentration  of  uaoor. 


for  a  1C. bp  solution  of  egg  albumin  (Table  2)  tne  coefficient 
iSion  of  water  D  due  to  all  causes  isi  rou^cou  fr~.:. 

2.4  •  10**®  c:.f/s  for  pure  v/ater  to  1.97  •  10“®  cnVs.  a-ue  to  only 
txve  effect  of  microoarr iers  tne  coefficient  of  self-diffusion  v/oulu 
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be  reduced  from  2.4  •  1(J“5  to  2.02  •  10"°  cm^/s, 
effects  of  nydration  would  be  reduced  from  2.4  •  lO-'3  to 
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Coefficients  of  self-diffusion  of  v/ater  in  solutions  of  egg  albumin 
(experimental  values  and  values  calculated  v/ltn  consideration  of 
various  effects } 
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13 1  -  value  of  coefficient  of  self-diffusion  in  a  solution  if 
tne  ch-nge  in  diffusion  wouiu  oe  due  only  to  tne  effect  of  micro- 
oarriors . 

b*’  -  coefficient  of  self-diffusion  of  water  in  a  solution  if 
the  change  would  bo  due  only  to  tne  effect  of  nydration. 

*  basou  cn  the  data  of  -'any  j£Lo? . 

Legend :  (a)  cm^/s ;  (b)  water ;  (c)  ngg  aioumin,  10. cp  solution; 

(d)  ~gg  aloumin,  1 9>  solution;  (e)  ~y0  albumin,  9.1;.  solution. 

Thus  a  very  significant  part  of  tne  lowering  of  tne  coefficient 
of  seif-diffusion  in  protein  solutions  is  conditioned  by  tne  effect 
of  microbarriers ,  ana  only  a  small  snare  -  by  the  offset  of  nydration. 

In  exactly  tne  same  'manner  as  in  tne  c-so  of  solutions  of 
protein,  tne  effect  of  microoarr^ors  for  tne  protoplasm  of  plant  <-..u 
animal  cells  s mould  be  significant,  since  in  the  coll  is  found  a. 
multitude  of  microscopic,  ana  sub. -.icroscopic  formations  -  c;-ioro~lascs , 
tne  nucleus,  mitocnondria ,  microsoraes,  endoplasmic  rot  —  C  w*  j  0  vC  •  p 
and  also  dissolved  macromolecules,  wnich  will  exert  an  inhibiting 
act *on  on  the  soif-diffusion  of  molecules  of  water.  Components  of 
cytoplasm,  cased  on  approximate  calculi  tiona  stemming  from  tne  data 
of  Vila1  man  and  Xogon  J/ ,  for  plant  cells  occupy  dCp  of  the  volume 
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-  loworiny  oi  tuu  coeff  ic font  of  self-diffusion  of  tnu  fraction  of 
tutor  v/.iich  is  round,  in  tne  or^unollos  due  to  tne  action  of  t..o  ;;.e.r.- 
-rur.es  of  tne  organelles  as  limiting  barriers,  even  v/itu.  tne  con  ole  te 
.. reservation  oi  tne  nobility  of  water  v.’itnin  the  organelles.  1’n.ere- 
f ore ,  tne  lowering  of  tno  coefficient  of  self-diffusion  of  v/ater  in 
protoplasm  duo  to  hydration  snoula  be  quite  small,  am  tne  coeffic¬ 
ients  of  self-diffusion  of  water  in  protoplasm  reflect  mainly  tne 
structural  peculiar sties  in  tne  -rotoslasm  of  cells  of  various  tissues 
vu.icn  -re  conditioned  by  tne  number  and  quality  of  microscopic  and 
subuicroscopic  particles. 

it  follows  from  what  has  been  said  tnat  tne  self-diffucion  of 
or  oett'cea  microbarriers  is  very  close  to  tne  value  of  self-diffu- 
n  of  pure  water. 

ns  is  unown,  conditions  of  translation  movement  in  a  pure  liquid, 
a*  y  in  —  oxut.— ons  o  x  lo*/— monocular  substances,  arc  do  —  o rw-^n  o o  o^ 
tno  structure  of  t..e  liquid  /l7,  10,  217.  Therefore  t.-c  vulue  of  the 
coefficient  of  seif-dix’fusion  of  v/ater  in  tno  medium  between  micro- 
carriers  in  a  -retain  solution  or  in  protoplasm  is  a  cnaracteristic 
of  tno  structure  of  water  of  tnis  medium.  Consequently,  on  the  basis 
of  t..u  conclusion  made  above  that  tr.e  coefficient  of  self-diffusion 
of  \.utcr  ootwoon  microoarriers  in  protoplasm  is  close  to  the  coeffic- 
iwtt  of  self-diffusion  of  pure  water  at  a  given  temperature,  it  is 
-ossicle  to  assume  that  tne  structure  of  water  of  a  r.yalopiasm  is 
very  close  to  tne  structure  of  pure  'water. 

.'ho  router  short-ra:w,o  oruoriir.es 3  whicn  i-  inherent  to  water 
tins  t-  ot. .or  liquids  is  conditioned  oy  tne  ability  of  molecules  of 
•..a. tor  t-  t-ko  part  in  four  uyurejon  bonds  ana  by  tno  ^eomotry  of 

w.tOw  U  a!  Ot.'.U  •  *v  o  wC.>»w'OI'<'»  WwI'Oii  >■  .ilCii.  UX*0  iiO  V  iiOO  W  *  i  ti  S  vTuC  Vy>4  6 

of  '--tor  ct.;  be  cn-racterizod  us  a  tetrahedral  ice-like  s..eli,  tno 
0  —  V—  os  u.  c.x  are  — urtial^A^  —  —  — .  — .  —  u  o v  ...o  — . oc UxO s  Ox  *« a  —  o r .  — . . 
connection  uiun  the  openness  of  tno  sneli  tr.e  translation  movement 
of  noluculos  of  water  takes  -1-co  ;:m inly  t/ix'ough  its  cavities  arm 
lo -a-  to  a  loss  significant  randomization  tnan  in  liquids  v/itn  - 
aenso  .acki;.^.  it  is  necessary  to  stress  tr.at  tno  tor..:  "structure !l 
of  wut or  is  used  only  in  tne  senso  of  snort-ranv,o  orderliness,  i.o., 
-;-criinest  '..mien  is  spread  out  for  snort  distar.oes  fro...  a  certain 
to_-ctud  molecule,  since  thermal  movement  constantly  disrupts  the 
order  of  mutual  disposition  of  raolocules  vvnich  is  formed  cue  to 
r.ydrc  on  cones. 
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#  based  cn  the  data  oi  Douglas,  .-’ire a#  ana  «n>.or  son  /ub7* 

Key:  (a)  object  or  investigation;  (b)  Cal/molu ;  (c)  ..ater; 

(a)  n£<j  albumin,  10/a  solution;  (e)  u-0  albumin,  1<*  solution; 

(f)  Tobacco  mosaic  virus,  o;a  solution;  (c)  Leaves  or  maize;  (h) 
hoots  or  maize;  (i)  Krog  liver. 
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Lurin  ;  diffusion  a  molecule  _ _ 

*  ro.'i  0..0  aOa .  a  —  On  w  *.  ^u.X.a^/u...  oO  ...iot.*or.  ^ . . .  „  _  _  —  _  w 

a  different  position  or  equilibrium  it  is  necessary  taut 
vacuum  be  ror.r.cd  where  a  molecule  could  jumy  across,  ana 
necessary  to  break  tne  bonds  witn  its  surrounding  nu iynbors  in  tne 
tjiven  position  of  euuiiiorium,  Since  due  to  tne  o.-on  structure  in 
water  diffusion  is  carried  out  ..minly  tnrouyn  voids  -r.  tne  struct  are 
then  tne  ..oleculo  should  possess  an  energy  of  act-.v~.tion  wnicn  is 
sufficient  only  for  breaking  tne  bon us  with  nei.jr.bcrs.  Therefore 


tne  -.ncroa^iO  or  docroase  oi  oonus  ..crony  any  to  a  '.r.iecu—O  o*  ....  ~cr, 

—  .  c  .  i  at  Can  sot.  c  as  t..e  c.  «a  *'uc  ~  ~  r — s  ^  — c  o  *  serac~are  o  *  ..ate—  .  - . . 

~on^er. .turos  —  rot.  b  to  o  b  tne  osg t  o.  &c t  *v& .-or.  e  *  so*A-d***u..-. 
a.,  '..--ter  c . *a : . ^e s  —  r o...  o « o  eO  a . c  C  a  .*./ ...ox e  c/  . 

ruble  o  Siiov/s  tne  values  oi'  oneryy  or  activation  or  seif-diff; 
si  or.  of  water  in  colls  cf  various  tissues  ana  in  solutions  or  .re¬ 
tain.  *.s  o...n  be  seen,  tneae  values  are  sufficiently  close  tc  t..u 
oncryy  of  activation  of  .  ure  water. 

i  nus  ,  S  -.ncu  ~..e  COG**  -C-Gr.v  3  G*.  -e**  -  ..  ■*.>  -G.i  ~*  . .  •  w  o  * 

...icroo&rriers  is  close  to  tne  coefficient  of  soli-uiriaS_cn  of  .-re 
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xXaI^  conclusion  is  also  cx*nx'ir:.vjd  oy  aata 
o*  proton  i’-A- >xution  unu  - p  —  i_vo  tiujuus • 


.'  A.  V-  w  A  /  »'  L>  O 


1/ar-nj  a  study  of  relaxation  in  protein  solutions  it  was  snown 
/.M7  t.:at  in  solutions  of  protein  water  v/hicu  differs  in  its  .>rc.-or- 
tics  iron  ordinary  water  .takes  up  a  very  small  ^art  of  all  tr.u  vutcr 
of  t..e  solution  and  is  water  wnicn  is  directly  interacting  v/itu  tne 
-rote in.  sosuvior  of  relaxation  tine  is  conditioned  by  tne  existence 
of  two  fractions  of  water,  differing  in  tueir  motility  (fractions 
of  water  directly  interacting  with  protein  and  tne  fractions  of  re- 
nalniny  water  w.iic.i  do  not  differ  in  tneir  properties  fru.n  pare 
water) ,  aiia  by  rup*d  exchange  by  molecules  of  water  or  protons  (in 
..  t .me  of  less  tr.an  10 s)  between  these  fractions.  The  amount  of 
water  interacting  directly  witn  protein  (hydrate)  Changed  dependinj 
on.  t;.o  openness  of  tne  entire  structure  of  protein  ana  sups  molecular 
formations,  and  tne  relaxation  times  of  this  water  are  connected 
directly  with  the  movemont  of  fractions  of  tne  protein  molecule 

o  aV 0  wO  t) w. C .1  0  c* - *.-•!  r  # 


^urxr.  ;  a  siuuv  o;  ;j-os  01  croton  relaxation  in  unirral  un a 
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Lt;xvi^r  o:'  tir.j  cX  -rotor,  relaxation  in  tissues  is  con- 
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n;n(  one  structure  of  water  of  a  hyaloplasm  is  sufficiently  close 
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wne  re  X 
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and 


proton  re -ax 


,tion  of 


»  *(-*  r* '  * o  ci  c  _* 


•ainary 


v/-, ter;  ?a  -  snare  or  ordinary  water  (fraction  a);  r0  -  snare  of 

water,  differing  strongly  in  its  nobility  ana  relaxation  character¬ 
istics  from  ordinary  water  (fraction  b);  T]gD  and  fpg  “  times  of 

proton  relaxation  of  water  of  fraction  b.  by  using  tnis  concept  a 
calculation  was  made,  just  as  in  work  /2£? ,  of  tne  amount  of  water 
which  differed  sharply  from  ordinary  water  in  its  mobility,  it 
turned  out  tnat  tne  amount  of  such  water,  relative  to  a  gram  of  dry 
substance  (resulting  data  are  cited  an  'fable  1),  is  not  great  and 
in  ail  appearance  this  is  water  which  is  directly  interacting  with 
dissolved  :.:acromoiecules  and  non-aqueous  components  of  organelles, 
-apparently  not  only  in  hyaloplasm  but  also  in  tne  organelles  tne  re 
cannot  be  -  considerable  snare  of  water  which  differs  in  its  prop¬ 
erties  from  ordinary  water. 


In  this  work  main  attention  was  given  to  the  state  of  water 
in  the  hyaloplasm,  and  especially  to  tne  amount  of  water  in  the  cell 
which  differs  strongly  in  its  properties  from  ordinary  water,  .Ve 
did  not  touch  individually  on  the  problem  of  wne  state  of  water  in 
microscopic  and  submicro scopic  structures  of  tne  cell  and  on  tne 
mobility  of  water  in  these  structures,  the  volume  of  which,  as  was 
pointed  out  above,  may  make  up  a  consiaorably  share  of  tne  volume 
of  protoplasm.  These  problems  together  with  the  concrete  mechanisms, 
determining  the  rol-  of  hydrate  rater,  tne  role  of  nydration  level 
of  tne  cell  for  maintaining  the  structure  and  functional  condition 
of  macromolecules  and  microscopic  and  submicroscopic  structures  of 
tne  cell  and  the  cell,  as  a  vino le,  are  the  subject  for  future  inves¬ 
tigations. 


Conclusions 

1.  Coefficients  of  seif -diffusion  nave  oeen  ootamed  for  water 
in  ceils  of  various  live  tissues. 


2.  Tne  relatively  low  values  for  the  coefficient  of  self¬ 
diffusion  of  water  in  tne  protoplasm  of  cells  of  various  tissues  in 
comparison  with  pure  water  are  conditioned  mainly  by  the  effect  of 
microbarriers  and  only  to  an  insignificant  degree  by  the  effect  of 
hydration. 

Tne  energy  of  activation  of  self- diffusion  of  water  in  a 
cell  is  cl ose  to  the  energy  of  activation  of  self-diffusion  of  pur- 
water. 
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4.  Mae  structure  of  v;-.tcr  in  hyaloplasm  is  very  close  (or  the 
same)  zo  tae  szrnczuro  of  ordinary  water  in  vitro. 

t.  ..r.  up.reizul  v;as  mace  of  tae  water  in  various  tissues 
waica  differs  strongly  in  its  properties  from  ordinary  water.  -• 


■Jhe  autaors  would  like  to  express  tneir  deep  thunks  to  a.  a. 
...ui'zsov  for  guidance  in  the  work. 
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